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AN U1’lh\TK ON ‘TNI

TRITIUN SYSTI;MS ‘TEST AS SFNB1,Y (’rST/l)

.J. L, Andt?rson tin,! D. (). Coffin

Los Alamos Scie:\t !fI[. I,abt>rnt,lrv

Sunnary

In January 1977 the Loa Alamos Sci{, ntific

Laboratory started designing the Tritillm Systems

Test Assembly (TSTA) to suppnrt the nationnl

fusion c=nrrgy program, We have now designed all

the necessary syatema and arw proceeding with

the fabrication and installation of equipment mt

the TSTA facility. TSTA will br capahl~ of

processing Eusion-resctor quantities of IN gas

hy esr 1 y 1982, Units wI] i ch we tl&vc alrondy

built and installed inclidr the huil(ling utili-

ties nncl ventilation, t ho Emcrgrnry Trit itlm

Cleanup (ETC) and Tr-itium Wsste

ISOTOPE

Trentmcnt (TW’r)

SEPARATION
FU[L CLEANUP

\

SYSTEM

\

mcdules, and the cryogenic [sntope Separation

System (1SS). We have contracted for the nut-

aide fabrication of a DT Fuel Clean-Up ( ‘CU)

package to be inntal led in 1981. We arp sow

aasemhling on site the plasmn chamber evacuation

(VAC) and DT gsn Transler Pumping (’I’PIJ) modules

and the ccrmputor-bancd Master Data Acquig]t ion

and Control (MDAc) system. We obtnincd several

key cnmpont,nt# early in the program find ccrnducted

exprr irnents that t.nahlpd us tn crmplete design

on some critical pacing systems. Amcng thesr

important firrdlng# nrr: (1) thnt all plusma

exhn[lst uilNf.s can he simultanc.ounly rvacunted

with a ccrmpotlnd-rfe.sign cryop,lmp; (2) that helium
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“ash” can be separated from reusable DT fl,el

during cryopurnp regeneration; (3) that a nlult[-

column cryogenic distillation system can 1, ,

integrated sn d stably controlled; (4) thlt

cryogenic adsorption provides adequate final-

stage removal of condensable impurities; and (5)

that oil-free, tritium-compatible vacuum and

transfer pumps, which operate uver the entire

subatmospheric pressure regime required for TSTA

processes, can be fabricated {:sing state-of-the-

art technology.

TSTA Overview

TSTA comprises four categories of SySteIrIS:

(1) the main DT process flow loop; (2) environ-

mental and safety syatema; (3) general support

aystenrs; and (4) the physical Plant. These have

been fully described elsewhere, l-2 so the pre-

sent discussion is limited to current status of

systems completed or under active development.

The general Iayo(lt of ayst~tla within the LOS

Alamos TSTA facility is ShOW in Fig. 1, and

Fig. 2 i~ a photograph of Lhe refurbished

building.

Environmental Systems—— -—

Because no objectives of ‘TSTA are mrrre impor-

tant than thoue relating to operational and envi-

ronmental traffity, wc plan that all environmental

systems will he installed, tented, and prOven

functional be fori. tritium is introduced intn the

main flow loop, Funding was phased tu install

these systems anti their nllpport fOCi L:tie8 first,

and work 011 thr majnr ~nv i ronmental . vatvms is

I:ow .?ssentiully complclu.

Vf.ntilntintl (WY)—.-
Thc 2-r.ono vonti~rit ion system hnrr twcn ‘,.-

.RLnll{,d, ch{. ck,. d out and p!lt intn opl!r IIti. ull. ‘~tw

3rd NLJIKO nf vt,ntil at inn will hc provided by a

nitrngr[l-/{ tt!!(~n[>ll{. ro glovo-bnx system, which will

bc modlllnt and will cnc lone nll major DT-grrn

I?s. I

Fig. 3, TSTA Ihergvncy Tritium Cleanup (ETC).

processing systt.ms. Fig, 2 shows the stack and

external ventil~]tion ductwnrk installed.

tai.n and recover essf,ntially all titiurn fol -

iowing any ncc idr-ntal rel(~utie, rrcorporatv$

nrvern 1 nrw cnnccptt4. 3 This byatcm has bern

i!lstalled in the ‘TSTA h[lildir~R at,d }las h+.t.n

connoc ted to tho v$$nt i!nt inn nyutrm, An nrtist ‘s

c~nccpt itl sllowu in Fig. 3, f!ecnust. ,>f thr im-

illelltlr prOC~#SillK ,-npncity nf wrc, it ,,cctlpi~” n

significant [rncti(m of tht! tivailnhl(, spac(~ at

wrA :Ind flccout)ts for o major pnrlinn of TSTA

exprndi turom.

Plii”:{mn (;lItImllIIf’ F,vac,lnti,,l! (VA(;)

Al, mai{)! ,{nrrll(b!lvllt H ,11 thi~ nyptrm lIflvr 1,0011

pt)t ,.hii!lotl , rhO litfrt cl V,),,l)lnl) willl Itl. prr! ate,

it),lt.polt<l,~ll( I y IIWI101IIIII1* ((11111!)1 1,.,1 (. I yt)p.1111. I q

t{ll Wr MlIll 111.I i(lm (l:lX. “)) Wn q Ilr~ i~tlr,l,
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Fig. 4. TSTA Tritium Waste Treatment (~T),

assembled , and tested at LASL.5 Tvo additional

CrYoPilmPs ,6-7 using alternative sot benc~ for

pumping the helium part of the gas load, have

been delivered to LASL, and all 3 pumps are being

tested to evaluate their suitability for TsTA,

the Engineering Teat Facility (ETF) and magllutic

fUsiorI Vactlum systems n general. The simulated

torus, cryopanel reg~neration 8yntem, and otllt.r

compont.nts of VAC are being installed (Fig. i,).
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Fig. 6. TSTA plasma chamber vacuum system (VAC).

Isotope Se-ion (:5S)

A A-column,==ic ;sotnpic distillatiorl

system. 8-9 designed to provide product streams

of pure deuterium and tritium, refueling-grade

DT , and environmental-quality HD waste, has

been built for TS’iA by Arthur D. Little, Inc.

This system, complotc with cryogenic refrigera-

tion and ❑icroprocessor control, was delivered

to IASL and installed nt TSTA during the suiunrr

of 1980. Preliminary runs have bern made with

hydrogen and deuteriurn to verify the validity of

the design and stability of the control nvstem.

Fig. 7 ia an accurntv conceptual repr~sentatintl

of this system.

Fuel Clean~,o’’FCU)—. —.-.
we Ilave run experiments thot esttiblisfl that

adsorption at liq!liJ-nitrogell temp~raturc reduces

condensable impurities to less than i ppm. we
subs{!quvntiy designed on FCU ~mckagr thaL com-

bines alternately un,.d catalytic-rructor and

3 4
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I CR Catalytic Reactor

HMB Hot Metal Bed

1SS Isotope Separation System

f4SB Molecular Sieve Bed

TUT ‘Tritiurn Waste Treatment

Fig. 8. ‘f’STA Fuel Clean-Up Module (Schemt:tlc).

hot-uranium front ends with a cryoR+~n ic-adsorber. ..
aec ond Stauelo. All sections of FCU provide

for regeneration and recovery of hydrogen iso-

topes back intu the mainstream flow. Fig. 8 is

a simplified schematic of FCU , which is being

fabricated fnr TSTA by Grumman Aerospace Corp. ,

and will be deliv(, red and installed in 1981.

Tr&rrsfrr Pumpinl (TP[J)
—.——

‘ThrnuR”h~ut~ file ma in ‘ucl-proceu~ing lonp,

many tritium-gari trlftsfer pumps nre requirrd to

Keneratc flows and !Irr.ssures fnr chemical pro-

cenning. Pres#urPs range frnm Iligh vacuum to 2

atm abn. This requirement fnr tritium-comPnti-

ble tran8fer pumpnil-12 Ilnfl tern perviously

addressed, ana we hav~ bcmn ahlr t,> p~lrclj/in+. and

modify various conrnerc ial pumps to meet our re-

quirement at TSTA. Modificnt inns were req~lirrd

to eliminntr. tritium-incnmpntibl<. mntt.rinl~ or

improvt$ Inak integrity, and ovrry roci}gni zed rP -

quiremrnt tor ptlmp~ has now b,~ru met. The lASl,-

modif’ird conrmercifil pltmprt includr lIN n] l-mOI .1]

rrc i p!t~cat ing-hrl 1 nwq pul,lp, a canurd-mo! (jr,

Ferr{lf lt, id-noalrd Ro,Jt# bl~jwt.r, nnd n hrll~Jws-

?lPnlr=d, spiral-cavity, !Iiglt-v{tr,tlim blowrr.

Mnntrr Djltn mId C(,ntt,>i Sy*tt.m (MJ)Ac)
. .,--- . ..– . . . . . . .. . . . . . .
At) kmp~)rtnnt ohl,-rtivr nl Ts”rA I* to dl.lll(, n-

●tlllt@ i ntvgrntr,l rent r,)l 1) I many intrtrr. lnf,, [l

syntr. mn it Pt,om ri.q on, Unit= reo,lirinfi rrlinhlu

rrol -1 ire,. l,l)IIL 101 itt<. 111(1* t 11,. I) ’J- pt,jrosni IIX

modules as well as th~ many cnvi ronmet,t,); and

tlafcty 9y9tt,ms, which must Cnrne ~n-1 ine auto-

matically when needed. A comprehensive com-

puter-based control flystf,m is the o[lly pract ic -

able way tn accomplish this task. A Data Cen -

r.ral Eclipse minicomputer fifstem has been pur-

chased and in.gtallr. rl in the TSTA crrntrnl room

(Fig. 9). The hnrdwired control l~nes },avc b,,,. n

installed and FORTRAN ~nft~nre is being written

for some operation.]1 TSTA nytatems,
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COnclusi~n
——

Many technical prr~blems addressed early by

the TSTA staff have now been resolved. F.gbri -

cation and installation of the major environ-

mental systems are essentially complete, and

assembly of the ❑ain process loop sy~tems is

proceed ing on schedule. Withirr two years TSTA
will start generating operat ional data that

should be valuable to des i gr, teams of the

Engineering Test Facility (ETP).

1.

2.

3.

4.

5.

References
——

J. L. Anderson, “The Tri’ium Systems Test

Assembly at the Los Alamos Scientific Labo-

ratory,” PrOc. TOP, Mtg, Tecl,n. of con-

trolled Nuclear Fusion, 3rd, Santa Fe, NM,

May 9-11, 1978 (CONF-780508), VO1. 2, 674.

J. L. Anderson, “Design and Construction of

the Tritium Systems Test Assembly, ” Proc.

Top. Mtg. Tritium Techn. in Fission, Fusion,

and Isotopic Applications, 13ay ton, OH, Apr.

29 - My 1, 1980 (CONF-800427), 341.

M. E. Miller, “COnceptua[ Design nf an

Emergency Tritium Clean-up System, ” Proc,

Top. Mtg. Techn. of Controlled Nuclen:

F!,sion, 3rd, Santa Fe, N?4, May 9-11, 1978

(coNF-780508), vOl. 2, 720.

J. L. Anderson, F. A, Damiano, and J. E.

Nasise, “Trit.ium Hanalirrg Facilities *C the

Los Alamos Sci~ntific Laboratory,” Proc.

Conf. Remote Sy*tems Techn,, 23rd, San Fran-

cisco, 1975 (ANS, Hinsdule, IL, 1975), 77.

D. (). Coffin and C, R. Walthers, “Vac\ltlm

PumpinE of Tritium in Fcaion Power

Re~( { urs, ” PrOc . Symp. Prob. of Fusion

Res+,.trch, 8th, Snn Francisco, Nov, 13-IL,

197~ (IEEE, New York, 1979) vol. 1, 513.

6.

7.

8.

9.

10.

11.

12.

T. H. Batzer, R. E. ?atrick and W. R. Call,

“A TSTA Compnund Crynpump,” to be published

in J. Vat. Sci. Techn., 1981.

H. C. Hseuh and H. A. Worwetz, “The Perfor-

ma,lce of BNL-TSTA Cryopump,” to be published

in J. Vat. Sci, Techr r., 1981.

J. R. Bartlit, R. H. Sherman, and W. H.

Denton, “Hydrogen Isotope Distillation for

the Tritlum Systems Test Assembly,” Proc.

Top. Mtg. Techn. of Controlled Nuclear

Fusion, lrd, Santa Fe, NM, May 9-11, !978

(CONF-780508), VOL. 2, 778.

J, R. Bart lit, R. H. Sherman, N. A. Stutz,

and W. H. Denton, “Hydrogen Isntope Diatil-

Idtion for Fusio,} React ors, ” Cryogenics,

~, 275 (1979).

F C.,. Kerr, J. R. Bartlit, and R. H.

Strerman, “Fuel Cleanup System for the

Trit.ium Systems Test Assembly; Design and

Experiments,” PrOc . ToP. Mtg. Tritium

Techn. in Fission, Fusion and Isotopic

Applications, D.iytoc, OH, Apr. 29 - May 1,

198U (CONF-800427), 115.

C. L. Folkers and V. r. ;ede , “Tritium

Transfer Operations--A Review,” Proc. Conf.

Remote Systems Techn., 23rd, San Francisco,

1975 (ANS, Hinadale, [L, 1975), 55.

D. 0, Coftin, “High Pressure Tritium Equip-

mt.nr,” Prcrc. Conf. Remote Syfitt.ms Techn.,

24t , Wsshingt[>n, D,C., 1976 (ANS, Hins-

dale, IL, 1Q76), B.


